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RELAXED SILICON GEILMAMUM PLATFOilM FOR 
HIGH SFEE1> CMOS ELECTRONICS AM> HIGH SPEED ANALOG CmCUITS 

FRIORI i; Y IN FORM ATION 

5 This ajjpiication claims priorin- imm V S. Patent Appliaitiotjs Nos. 09/906,551 

atxl 09/906,54.'* both filed on hUy 16, 2001, which claim priority to U.S. provisionai 
applicahon Ser. No, 60/273, 1 12 filed Match 2, 200 i . 

BACKGROU^iB OF THE .LNVENTiON 

1 0 Hie irtvenrton reiates to tlie field of relaxed SiGe platforms tor high speed CMOS 

electronics and high speed aaalog circuits. 

Si CMOS as a platforn? for digital integrated circuits has progressed predictably 
through the industry roadmap. The progress is created tiirougb device miniaturization, 
leading to higher performance, greater reliability, and lower cost. However, new 

IS bottlenecks in data flow are appearing as the interconnection hierarchy i,s expanded. 
Although digital integrated circuits have progressed at uiipreccdcjited rates, analog 
circuitry has hardly progressed at all. Furthermore, it appears that in the near ftiturc, 
serious economic and technological issues will conitont the progress of digital integrated 
circuits. 

2 0 The digital aad communication chip markets need an enhancement to Si CMOS 

and the mattiring roadtnap. One promising candidate material Qjat improves digital 
integrated circuit technology and introduces new analog inte^ated circuit possibilities is 
relaxed StGe matsnial on Si substrates. Relaxed SiGe alloys on Si can have fliin layers of 
Si deposited on them, creating tension in Uie thin Si layers. Tensile Si layers have many 

2S advantageous properties for the basic device in integrated circuits, the metal-oxide field 
effect transistor (MOSFET). First, placing Si in tension increases the mobility of electrons 
moving parallel to the surface of the wafer, thus increasing the fkrequcncy of operation of 
the MOSFET and the associated circuit. Second, the band offset between the relaxed SiGe 
and the tensile Si will confine electrons in the Si layer. Therefore, in an electron channel 

30 device (n-chamiel), fiie channel can be removed iirom the surface or 'buried'. This ability 
to spatially separate the charge carriers from scattering centers such as ionised impurities 
and the 'ro«gh* oxide interface enables the production of low noise, high performance 
analog devices and circuits. 

A key development in this field was the invention of relaxed SiGe buffets with low 

3 5 threading dislocation densities. The key background inventions in this area are described in 
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U.S. Pat. No. 5,442,205 issued to Braseo etal. and U.S.. .Pat No. 6,107,653 issued to 
Fitzgerald. These patents define the current best methods of fabricating higii qualitj' relaxed 
SiGe. 

Novel device structures in research laboratories have been fabricated on early, 
5 primitive versions of ihe relaxed buffer. For exaiapk, strained Si, surface chaanel 

nMOSFETs have been created that show enhancements of over 60% in intrissie with 
electron mobility increases of ever 75% (Rim et al, lEDM 98 Tech. Dig. p. 707). Strained 
Si, buried channel devices demonstrating high transconductance and high mobility have 
also been fabricated (U- Kontg, MRS Symposium Proceedings 533, 3 (!998)), 

10 Unfortunately, these devices possess a variety of problems with respect to 

commercialization. First, the material quality that Is generally available is insufficient for 
practical titilization, since the surface of SiGe on Si becomes very rough as the material is 
relaxed via dislocation introduction. These dislocations are essential in the growth of 
relaxed SiGe layers on Si since they compensate for the stress induced by the lattice 

15 mismatch between the materials. For more fitan 10 years, researchers have ded to 

intrinsically control the suriace morphology through epitaxial growtJi, but since the stre-ss 
fields from flie misfit dislocations affect the growth front, no intrinsic epitaxial solution is 
possible. The invention describes a method of pianarization and regrowth that allows ail 
devices on relaxed SiGe to possess a significantly flatter surface. Tliis induction in surface 

20 roughness increases the yield for fine-line Utho^phy, thus enabling the manufacture of 
strained Si devices. 

A second problem with the strained Si devices made to date is that researchers 
have been concentrating on devices optimized for very different aj^lications. The surfece 
channel devices have been explored to enhance conventional MOSFET devices, whereas 

2 5 the buried channel devices have been constructed in ways that mimic the buried channel 

devices previously available only in IIl-V materials systems, like AIGaAs/GaAs. 
Recognizing that the Si manufecturing infrastructure needs a materials platform that is 
compatible with Si, scalable, and capable of being used in the plethora of Si integrated 
circuit applications, the disclose4 invention provides a pJatfbnn that allows both the 
30 enhancement of ciieuits based on Si CMOS, as well as the fabncarion ofunalug (jucuits. 
Tlius, high petformaace aimJog or digital systems can be designed with ihn pluforni. An 
additional advantage is that both tvpes of circuits ran be iabricated in ths; CMOS proi;ts5, 
and therefore a combined, int<-grcited digita; analog system can he desigiied .is a single- 
chip solution, 

3 5 With these advanced SiGe material platforms, it is now possible Jo provide a variety of 
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device and circuit topologies that take advantage of this new materials system. 
Exempiar)' einbodimetUs of ihe invention describe structures and methods to fabricate 
advanced sftained-tayer Si devices, and stmcttires and methods to create circuits based on a 
multiplicity of devices, ai! fabricated from the same staiting material platform. Starting from 
5 the same material platform is key to minimizing cost as vveil as to allowing as many circuit 
topologies to be built on this piatfomi as possible, 

SUMMARY OF THE l ^'VENT^O^' 
Accordingly, ihe invemion provides a material platform of planai ized relaxed S tGe 
1 0 with regxown device layers. The piaTiarizatioti and regrowth sliategy allows device layers 
to have minimal surface rouglmess as compared to strategies in which device layeis are 
grown without planarizaiion. This planarized and regrowii platform is a host for drained 
Si devices that can possess optimal characteristics for botli digital and analog circuits. 
Structures and processes are described that allow for the fabrication of high performance 
1 5 digital logic or analog circuits, b«t the same structure can be used to host a combination of 
digital and analog circuits, forming a single system-on-chip. 

Is accordance with one enibodiment of the invention, there is provided a 
semiconductor structure includirtg a planarized relaxed Sit.xGe,t layer oa a substrate; and a 
device heterosfructure deposited on said planarized relaxed Sis.;,Ges layer including at 
2 0 least one strained layer, 

BRIEF DESCRimON OF THE DRAWINGS 

FIG. 1 is a schematic block diagram of a structure including a relaxed SiGe layer 
epitaxialiy grown on a Si substrate; 

2 5 FIG. 2 is a schematic block diagram of an exemplary structure showing that the 

origin of the crossliatch pattern is the stress fields from injected misfit dislocations; 

FIG. 3 is a table showing surface roughness data for relaxed SiGe buffers produced 
by dislocation injection via graded SiGe layers on Si substrates; 

FIGs. 4A-4D show an exemplary process flow and resulting platform structure in 

3 0 accordance with the invention; 

FIGs. 5A-5D are schematie diagrams of the corresponding process flow and layej- 
structure for a surface channel FET platform in accordance with Ui« invention; 

F.rOs. 6.4-6D are schematic dia^ams of the corresponding process flow and layer 
structure for a buried channel FBT piatfbim in accordance wjtli the invention; 
3 5 FIGs. 7A-7D are schematic dia^ams of a process flow for a surface channel 
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MOSFET m accortlance with the snventioB; 

FIGs. 8A and 8B are schematic bJock diagrams of surface charmel devices with 
protective layers; 

FiGs, 9 A and 9B are schematic block diagrams of surface channel devices with Si 
S layers on Ge-ric-b layers for use in silicide fonnation; 

FIGs. 1 0 is schematic diapam of a buried channel MOSFET after device isolation 
in accordance witli the inveatton; 

FIG. il is a schematic flow of the process, for any heterostnicture FET" device 
deposited on relaxed SiGe, in accordance with fee invention; 
X 0 FIGs. 1 2 A- 1 2D are schematic diagrams of a process flow in tlje case of fonning 

the surface chiinnei MOSFET in the top strained Si layer in accordance with the invention; 

FIGs. 13A~i3D are schematicdiagrams of a process How in the case of fomiing fee 
surface channel MOSFET in fee buried strained Si layer in accordance with the invention; 
and 

IS FIGs, 14A and 14B are schematic diagrams of surface and buried channel devices 

with Si i-yOfty channels on a relaxed Sii-jGCa layer, 

PETAILEP PESCRimON OF THE INVENTtON 

FIG. 1 ia a schematic block diagram of a structure 100 including a relaxed SiGe 
2 0 layer epitaxially grown on a Si subsUate 102, In this structure, a compositionally graded 
buffer layer 104 is used to accommodate the lattice mismatch between the unifonn SiCe 
layer 106 and the Si substrate. By spreading the lattice mismatch over a distance, the 
graded buffer minimizes the number of dislocations reaching the surface and thus provides 
a method for growing high-quality relaxed SiGe jfilms on Si, 

2 S Any method of growing a high-quality, relaxed SiGe layer on Si will produce 

roughness on the surface of the SiGe layer in a well-lcnown Crosshatch pattern. This 
Crosshatch pattern is typically a few hundred angstroms thickness over distances of 
microns. Thus, the Crosshatch pattern is a mild, undulating surface morphology with 
respect to the size of the electron or hole. For that reason, it is possible to create 

3 0 individual devices that achieve enhancements over their coi3trt>l Si device counterparts. 

However, commercialization of these devices requires ityection of tiiie material into the Si 
CMOS process environment to achieve low cost, high performance targets. This 
processing environnient requires that the material and device characteristics have minima! 
impact on the manufacturing process. The Crosshatch pattern on the surface of the wafer 
35 is one limiting characteristic of relaxed S»Ge on Si that affects the yield and the ease of 
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df kKatitjtis, Ih'beiti. i t ■* fsi, ;.\ i -ij\\nm}Kt 2 Bv 

dtii'iUion, (hcdiblocatii n& mus. ct d„v.d ^^t<> (^-om aa irc iat lOistuptLh 
J If w u,en tht SiCt; ano\ <md the Si aubsrat^ The stress fttld-. ongmat^ at tht, d blot-dtsoti ^itd 
arc ti,n-nin^ted at the .uiia ' ^^<"'' Iil terntnjtton ar tiv Midicc cteatts 

c!\s 5il lattKcs that sa" ' .■i^l of tht ^Aafcr Smkl i5ro^\th u tc 

u jn i,'>trUat«,d to laaKt vonvtani / v, uJ.vani ihit-Kne-sts of deposition Oicui at d.tlcrem 
jKxnts on the wat^r One in^> ihtnk that thick la\cr Etowth be ond du t itstii diskKatt ir.s wd\ 

1 0 Sfjioo th the lay e t of these thickness difierences. UafortunateJy, the utjdulatious on the surfece 
have a >. elati vely long wavelength; tlierefore, surface difiusion is typically not great enough to 
remove xhc nwrphoiogy. 

FIG, 3 is a table that displays surface roughness data for relaxed SiGe buffers 
produced by disiocatioa injectioi) via graded SiGe layers on Si substrates. Note that the 

1 5 as-grown crosskrtch pattern for relaxed SiagGey j buffers creates a typical roughness of 
approximately 7,9nm, This average roughness increases as the Ge content in the relaxed 
buffer is increased. Thus, for any SiGe layer that is relaxed through disiocatioti 
introduction during growth, the surface foulness is unacceptabie for ^ate-of-the-art 
fabrication facilities. Af^er the process in which lije relaxed SiGe is planarized, the 

2 0 average roughness is less than 2nm (typically 0.57iim), and after device layer deposifioii, 
the av^agfi roughness is 0.77nm with a 1 .Sfxm regrovs^ thickness. Thereibte, afrar the 
complete structure is fabricated, over one order of ma^itade of roagfaness reduction can 
be achieved. 

'ITie regrowtli device layers can be either greats^- than or less than the critical 

2 S diickness of the regrowth layer. In general, in any lattice-mismatched epitaxial growth, 

Mn layers can be deposited without fear of dislocation introduction at the interface. At a 
great enough thickness, any lattice-mismatch between the film and substrate will introduce 
misfit dislocations into the regrown heterostrycture. These new dislocatioiis can cause 
additional surface roughness. Thus, if the lattice-mismatch between the regrowth device 

3 0 layers and relaxed SiGe bufJer is too great, the effort of planarizing the relaxed SiGe may 

be lost since massive dislocation introduction will roughen the surface. 

Hiere are two distinct possibilities with respect to the regrowth thickness and the 
qualit)' of surface. If the regrowth layers are very thin, then exact lattice matching of the 
regrowth layer composition and the relaxed buffer composition is not necessary. In this case, 
3 5 the surface roughness will be very low, approximately equal to tfie post-planarization flatness. 
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f'knvfver. in many iippiications for devices, the regrowth iayer thickness will be 1 -2}.im or 
more. For ii 1% difference m Ge concentraiion be^vceTl the ft-saxed SiGe and Uk- regrowth 
iayer, the critica! thickness is approximately 0,5,um, Thus, if optimal flatness is desired, it is 
best 10 keep the regrowth layer below appvoximatelv 0.5 uni unless exccSienf ccmlroi of the 
5 imifomiity of Ge concentratio!! across <iK-. aier is tseliiesed. Although this composition 
matching is achievable in state-of-lhe-an tools, FIG, 3 shows that iess precise mutchmg, i.e., 
withif) 2% Ge, results in triisfit dislocation introduction and introduction of a new Crosshatch 
patleoi. H(>N>. ever, becayse the iatJitt; iiiisinatch is so smali, the average roughusss is still Yer>- 
low, appro.N imaiciv ().77nni. Thus, either lattice-matching or slight mismatch will result in 

10 excellen!: device iayer surfaces for processing. 

It is also noted that the relaxed SiGe alloy with surface roughness inay ooi 
nece&sariiy be a uitiform composition rela,x;ed SiGe layer on a j:raded composition layer. 
Although this material layer sta;crure has beer, shown to be an ciidy cxuniyile of ]uj.r,h 
quality relaxed SiGe, there are sonie disadvantages to this stntciure. Foi example, SiGe 

15 alloys possess a much worse coeftlcient of thermal conductivity than pure Si. Thus, for 
electronic devices located at the surfece, it may l)e relatively difficult to guide the heat 
away from the device areas due to the thick graded composition laya- and uniform 
composition layer. 

Another exemplary embodiment of Uie invention, shown in FIGs, 4A-4D, solves 
2 0 this problem and creates a platform for high power SiGe devices. F!Gs, 4A~4D show an 
exemplaiy process flow atid resulting platform structure in accordance with the invention. 
The structure is produced by first forming a relaxed uniform SiGe alloy 400 via a 
cotnpositiooaUy graded layer 402 on a Si substrate 404, The SiGe layer 400 is then 
transferred to a second Si substrate 406 using conventional bonding, for example, the 

2 5 uniform SiGe alloy 400 on the graded layer 402 can be planarized to remove the 

Crosshatch pattern, and that relaxed SiGe alloy can be bonded to the Si wafer. The graded 
layer 402 and tlie original substrate 404 can be removed by a variety of conventional 
processes. For example, one process is to grind the original Si substrate away and 
selectively etch to the SiGe, either by a controlled dry or wet etch, or by embedding an 
30 etch stop layer. The end result is a relaxed SiGe alloy 400 on Si without the thick graded 
iayer. Tliis structure is more suited for high power applications since th& heat can be 
conducted away from the SiGe layer mors efiiciently. 

The bond and substrate removal technique can also be used to produce SiGe on 
insulator substrates, or SGOL An SGOI wafer is produced using the same technique shown in 

3 S FlGs, 4A~4D; however, the second substrate is coated with a SiOj layer before bonding. In an 
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U>'iiit'i« The rciol.!^^ ^t s f v- >u ra v -v^nK<^ i ib <) high tjuAhi>, related bsGe Ls^et 
OT! m-iuiaJfi^ fil'i He c:n rut Tis ^\*toTm can utilize the performance 
(.tihiiKCnK'nts of hoih itui t ^ rd t'K' M .t.. ^k^tuTe 
5 It v.)ii be jpprctutcd that m ^tenano \/hc'rc the S.t le last-r js tran^tened i<i 

jnotlv, host -tU>Nt!atc, one mav stil' neet.^ lu planan-'C bcioie tclmow ip<> th<. davjct ia\c) 
btriKiiijc '{he S!< )u surface can bo too toa^ih fot ^tate the ait proce<;-vn ^ Jue to liiO 
^jufot'-ate rfmo\a! tci-hmctw in this case she iclaxcd Side planarj^t^d, and thj tkvi^>> 
la vers are regrox^n on top of the high-quahtv relaseii Stue outface 

10 Planai'^ratiou of the s>urfavL Ma ''^e-.han ^al o< >(tht.'f ph\sica1 mctnuds i-i rciHured to 

tUitcn the stiKjce and to achie\ c Ct\K '\ la rt\ d.n k i-?o\\ e\ cr, the fiild eJfcct 
h-a£it.istors \li {<\ that aUovv i^.); v'^harvcu viit.ii <s <in jfu u / ^ ^ uft^ ate vor> thm, aiui 
thnt< would he reiroNcd ^\ riaji'n^imi sxp Iris a tJis: p i iJk nncntion la to 
iCdh^e thiat relaxed SiOc grovstis and pUnai i/ation, foikivsed b} dcvicc layer regiovtth, js 

15 key to cjeaiing a bigh-perfonnance, high yield enhanced CMOS platfoiui FIG& 5 anc 6 
show the ptocess sequence and tegtovsth layers required to create embodiments of surface 
channel and Isuned channel FE Ts, respecttvely. 

FlGs, 5A,-5.D are scheiniitjc diagranss of a process ilnvv and resulting layer 
structure m sccordatice with the iri^ention. ,1' shov-'s the surface roughness 500, 

20 Ahich iS t>pical of a reki\(,d SKr ..i o\ "^uZ on a ^ub'^hate as an exaggerated wavy 
siirtate \ote that the »ubbtrate ts laDe^ed sr. a genenc %\ av, stnce th«. substrate could itseli 
be St, a relaxed composmonally graded SiOc layer on i>i, or another matenal tn which the 
relaxed SiGe has been transferred through a wafer bonding and removal technique. 'Ilie 
relaxed SiGe alloy 502 is pknarized (FIG. 5B) to remove the substantial roughness, and 

2 S then device regrowth layers 506 are epitaxially deposited (FIG. 5C), It is desirable to 
lattice-match the composition of the regrowth layer 506 as closely as possible to the 
relaxed SiGe 502; however, a small amount of mismatch and dislocation introduction at 
the interface is tolerable since the suriace remains substantially planar. For a surface 
channel device, a strained Si layer 508 of thictaiess less dtati 0.1 jim is then on top 

30 of the relaxed SiGe 502 with an optional sacrificial layer 5 1 0, as shown in FIG. 5D. The 
strained layer 508 is the layer that will be fised as the channel in die final CMOS devices. 

FIGs, 6A-6D are schematic diagrams of the corresponding process flow and layer 
structure for a buried channel FET platform m accordance with die invention. In this 
smicture, the regrowth layers 606 include a lattice matched SiGe layer 602, a strained Si 

3 5 chamiel layer 608 with a thickness of less than O.OS^m, a SiGe separation or spacer layer 612, 
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3 Si gate oxidation iayer 614, and an optjonai sacrificiai layer 610 used to protect fce 
heterostruelure during the initial device processing steps. 

Once the device structure has been deposited, the rest of the process Oosv for 
device fabneation is very simiiaj to that of buik Si, A simplified versioB of the process 
5 flow for a surface channel MOSPET m accordance with the invention is sliown in FIGs, 
7A-7D. 'iliis surface channel MOSFET contains a relaxed Si(3e layer 700 and a strained 
Si layer 702- The device isolation oxide 704, depicted in FiG. 7A, is typically formed 
first. In this step, the SiN layer 706, which is on top of a thin pad oxide layer 708, serves 
as a hard mask for either local oxidation of silicon (LOCOS) or shallow trench isolation 

1 0 (STI). Both techniques use a thick oxide (relative to device dimensions) to provide a high 
threshold voltage between devices; however, STI is better suited for sub-quarter-micron 
technologies. Fifure 7B is a schematic of the device area after the gate oxide 716 growth 
and the shallow-source drain implant. The implant regions 7 1 0 are self-aiigned by using a 
poly-Si gate 712 patterned with photoresist 714 as a masking layer. Subsequently, deep 

1 5 source-drain implants 71 8 are positioned asing conventional spacer 720 formation and the 
device is electrically contacted through the formation of silicide 722 at the gate and 
silicide/germanides 724 at the source and drain (Figure 7C). Figure 7D is a schematic of 
*e device afier the first level of metal interconnects 726 have been deposited and etched. 
Since Overe are limited-thickness layers on top of the entiie stjtjcture, the removal 

2 0 of surface material during processing becomes more critical thaa with standard Si. For 

surface channel devices, Uie structure tJ»at is regrown consists primarily of nearly lattice- 
matched SiOe, and a thin surtace layer of strained Si. Many of the processes that are at 
the beginning of a Si fabrication sequence strip Si from the surface. If the processing is 
not carefijily controlled, the entire stiained Si ky« can be removed befois the gate 

25 oxidafion. The resulting device will be a relaxed SiGe channel FET and thus the benefits 
of a strained Si channel will not be realized. 

A logical solution to combat Si removal during initial processing is to make the 
strained Si layer thick enough to compensate for this removal However, thick Si layers 
are not possible for two reasons. First, the enhanced elec&ical properties originate from 

30 the fact that the Si is strained and thick layers experience strain relief through the 
introduction of misfit dislocations. Second, the misfit dislocations themselves are 
undesirable in significant quantity, since they can scatter carriers and increase leakage 
currents injunctions. 

in order to prevent removal of strained Si layers at She suriace, the cleaning procedures 

3 S before gate oxidation must be minimized and/or protective layers must be applied. Protective 
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layers arc liseful sitKe liK'ir removal can be carefoHy ooniroHed, Some exarnpies of 
protective Isytrs for siirface diar.nel devices -are shown in V-KiS tSA arid ?iB. Fiij. >iA shows 
asttained Si hetetostniC'Airtr of a relaxed SiGi^ l^ysr HOQ and a ^{rained Si channel layer ^0<1 
protected by a surface layer S04 of SiGe. Hie surface Sifje layer 804 shotiid have a Ge 
5 ctnicentration sijriikr to thai of the rekxed SiGe layer 800 beloW; so that the thicknesiS it: not 
iitriited by critical thickr.es^ constraints Ouring the initial cleans, the SiGe sacdfkiiil layer it: 
removed instead of the strained Si channel layer. The thickness of the sacrificial layer can 
either be tuned to eqtiaJ tlie removal ductaess, or can be made greater thaa the removal 
thickness. In Ute latter case, the excess SiGe can be selectively removed before the gate 

X 0 oxidation step to reveal a clean, strained Si layer at the as grown thickness. If the partictilar 
fabrication facility prefers a St tetnsinated surface, a sacrificial Si layer may be deposited on 
top of the SiOe sacrificial cap layer. 

FIG. SB shows a sftucture where a layer 306 of SiOj and a surface layer 808 of 
either a poly-crystalline or an amorphous material are used as protective layers. In this 

1 5 method, an oxide layer is either grown or deposited after the epitaxial growth of the 

strained Si layer. Subsequeatiy, a polycrj'StaiUne or amorphous layer of Si, SiGe, or Ge is 
deposited. These semiconductor layers protect the strained-St layer in the same manner as 
a SiGe cap during the processing steps before gate oxidation. Prior to gats oxidation, the 
poly/amorphous and oxide layers are selectively removed. Although the sacrificial layers 

20 are shown as protection for a surface channel device, the same techniques can be 
employed in a buried channel heterosStucture, 

Another way in which conventional Si processing is modified is during the source- 
drain silicide-germanide formation (FIG. 7C). In conventional St processing, a metal 
(typically Ti, Co, or Ni) is reacted with the Si aiid, through stajidard annealing sequences, 

25 low resistivity silicides are formed. However, in this case, the metal reaete with both Si 
and Ge simultaneously. Sitice the silicides have mtich lower free energy than the 
gem^anides, there is a tendency to form a silicide while the Ge is expelled. The expelled 
geimnium creates agglomeration and increases the resistance of the contacts. This 
mcrease in series resistance offsets the benefits of the extra drive cuitsnt from the 

3 0 heterostntcture, and negates the advantages of the structure. 

Ti and Ni can form phases in which the Ge is not rejected severely, thus allowing the 
formation of a good conSict. Co is much more problematic. However, as discussed above for 
the problem of Si removal, a protective layer(s) at the device epitaxy stage can be applied 
instead of optimizing the SiGe-metal reaction. For example, the strained St that will become 

3 S the surface channel can be coated w ife a high-Ge-conient SiOe alloy (higher Ge content than 
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the mittat relaxed ^ ' S^^"-^ b s - ,<>'^d > lw<> approa^he-. ate possible 
UM ig these surfa>.e v.ont<ut laveit. Both melhods introduce thick. Si al ihe surface and dlkm 
're co.-mintiofia' sil.cid^; k'chnology to be practiced without encountering the problems with 

SiGe- metal reactions. 

5 Tht: Tim -ipprojch, s!10\^ n on s v s t-ii c ch iniir! hefc-^u ,tnK hir^, W <r i lu <^ A 

uses a Ge nch U'ser ^0(? thn faoii^isi tha t is siibstant!dn> sffainej lln.. Lnt-r ^?f'f> t > 
jro\ ided on a str.unu! Si chanaci r ? and relaxed SiOe 1 w<.'! 90"! In this c iit if j 
subsequent 5i la\cr 9«)8 ts Dejond the critical thickness, the compicsssxe Gi.-nch layer 
f'Cts as a hamLT to dis'oojitii-sns entering the sSTasned Si chjniid ^04 tliis i\i!'<er )s 
1 0 beneficial since dislocations do not adversely affect the sUicide process; thus, their 

presence in the subsequent Si layer 908 is of no consequence. However, if the dislocations 
were to penetrate to the channel, there would be adverse effects on the device. 

A second approach, shown in FIG. 9B, is to allow a Ge-rich layer 910 to 
intentionally exceed the critical thickness, thereby causing substantial relaxation in the Ge- 
ls rich layer. In this scenario, an arbitrariiy thick Si layer 912 can be applied on top of the 
relaxed Ge-rich layer. This layer will contain more defects than the strained channel, but 
the defects play no role in device operatioo since this Si is relevant only ia the silicide 
teaction. In both cases, the process is free from the metal-SiGe reaction concerns, since 
the metal will react with Si-oniy. 
20 Once the siiicide contacts have been fonmed, the rest of the sequence is a standard Si 
CMOS process flow, except that the thermal budget is careJfuUy monitored since, for 
example, the silicide-gennanicide (if that option is used) typicaily cannot tolerate as high a 
temperature as the conventional siiicide. A major advantage of using Si/SiGe FET 
heterostructures to achieve enhanced performance is the compatibility with conventional 
25 Si techniques. Many of the processes are identical to Si CMOS processiug, and once the 
front-end of the process, i.e., die processing of the Si/SiGe lietetostmcture, is complete, 
the entire back-end process is uninfluenced by the feet that Si/SiGe lies below. 

Even though the starting heterostmcture for the buried channel device is different from 
that of the surface channel device, its process Sow is very similar to the surface channel flow 
30 sho%vn in FIGs. 7A-7a FIG. 10 is a schematic block diagram of a buried channel MOSFET 
stnicture 1000 after the device isolation oxide 1016 has been formed using a SiN mask 1014. 
In this case, the strained channel 1002 on a firstSiGe layer 1010 is separated from the surface 
by the growth of another SiGe layer 1004, followed by another Si layer i006, Tiiis Si layer is 
needed for the gate oxide 1008 since gate-oxide formation on SiGe produces a very high 
3 5 interface state density, thus creating non-ideal MOSFETs. One consequence of this Si layer, 
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k that if it is too thick, a substantial jwrtion of the Si layer will remain after the gate 
oxidation. Carriers can populate this residual Si layer, creating a surface chai^nei in paraliei 
wUh the desired buried chanrtel and leading to deieterious device properties. Thus, the surface 
layer Si must be kept as thin as possible, typical ly less Hian. 50A and idealiy in the range of 5- 
5 15 A. 

Ano^er added feature that is necessary for a buried channel device is the supply 
layer implant Hie field experienced in the vertical direction when the device is turned on 
is strong enoagh to puil carriers from the buried chamiei 1002 and force them to populate 
a Si channel 1006 near the Si'Si02 interface 1012, thus destroying any advantage of the 

1 0 buried channel Thus, a supply layer of dopant most be introduced either in the layer 1004 

between the buried channel and the top Si layer 1006, or below the buried channel in the 
underlying SiGe 1010, In this way, tiie device is forced on with little or no applied 
voltage, and turned off by applying a voltage (depletion mode device). 

FIG. i I is a schematic flow of the process, for any heterostructure FET device 

15 deposited on relaxed SiGe, in accordance with the invention. The main process steps are 
shown in the boxes, and optional steps or comments are shown in the circles. The first 
three steps (1100,i 102,1 104) describe the fabrication of the sfe-ained silicon 
hcterostnjcftite. The sequence includes production of relaxed SiGe on St, planarization of 
the SiGe, and regrowth of the device layers. Once the strained heterostructure is complete 

20 (1 106), MOS fabrication begins with device isolation (1 1 12) using either STI (1 1 iO) or 
LOCOS (1 108). Before proceeding to the gate oxidation, buried channel devices undergo 
a supply and threshold implant (1 1 14), and any protective layers applied to either a buried 
or surface channel heterostmcttire must be selectively removed (1116). The processing 
sequence after the gate oxidation (1 118) is similar to conventional Si CMOS processing, 

2 5 These ,steps include gate deposition, doping, and definition (1 120), self-aliped shallow 

source-drain implant (1 122), spacer formation {1 124), self-aligned deep source-drain 
implant (1 126), salicide formation (1 128), and pad isolation via mefeil deposition and etch 
(1 130), The steps requiring significant alteration have been discussed. 

One particular advantage of Jiie process of FIG. 1 1 is that it enables the use of surface 

30 chatuiel and buried channel devices on the same platform. Consider FIGs. !2A-12D and 
FIGs. U A- 1 3D, which show a universal substrate layer con figuration and a process that leads 
to the co-habitation of surface and buried channel MOSFETs on tlie same chip. The universal 
sobstmte is one is which both surface channel and buried channel devices can be fabricated. 
There are two possibiiit ics in fabricating the surface charetel device in this sequence, shown in 

35 FIGs. 12 and 13, Tiie process flows for combining surface and buried channel are similar to 
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{he previouh pmit.s& * t M> ~ ll.ereior- nn > the cnticai step:* imoived tn 

(. q-ii-isirs" th p»->put'u ^ •> iTK,!-- ' iixi ] ' 

f H J. , \2\ ami i ^ J- > ' i . it < - njciur 1 200 1 K»» for mtegrahng 

5 1202 i ')2 i '^K.c spu.! i.>^t' !2i'-. '04 j hj... ' s in^^Si i i,20'> 1 ^Oo and i 
! J '\( -i plalion 1 o! -^utc 1 "^^A 1 < s sro n<.cc sar' 5 .ljus.- the 

ba> t Khaiirji;.! MUSI n aquKc as * k. rt , ^ 'ate o\idc aiKt a bunf J Si 

hvLf U' iorni !h(. Jt\ice J^dnnti The figure a.s,o i.iow a device iSoJatign region 12 iO 
ti5ai sepaiaies the buried channel device area 12 12,1 312 from the surface chatmel device 

10 area 1214,1314. 

I lihkt^ Ihi^- huned channel devjcc, a surface ^hanne! MOsfn onl> a juircs one 
s runed bi ia>i,r \b a reialt ilic surface channel KfCNFFT uan !x faltt^ated t^Jther m the 
top itraintd Si la>ei as ^hosvn m Mti^ Pb-PD oj the- bitncu iaver ekime!, as shown 
m HQs. 1 3B liD i Kjf 1 2B is a behofialtc dwgrtun oi a iurtdic v-haimcJ ydti. OMdsUon 

15 121» m the top Si laser 1202 1o this scenario, a fiucker top S? I .ver is de ired smte aitcf 
oxidation., a res dual st auKd Si Ia\i t must be prtieni to form the vhaimel UG 12B also 
fhous a possible poMtusn foi the buned ch< nt.t.i ,upplv mipiatn 1216 v.hKh is usually 
jmplante'd befoie the boned ^.hanncJ gate oxide is, grown Smi^c the top Sj laywt };» 
optimized for the surface chaiaiel device, it may be necessary to stdp some of the top 

2 0 strained Si in the regions 1 220 where buried chame! devices are being created, as shown 
ift FIG. 1 2C. This removal is necessary in order to minimize the surface Si thickness after 
gate oxide 1222 formation (FIG. 12D), and thus avoid the formation of a parallel device 
channel 

When a airface channel MOSFET is formed in the buried strained Si layer, the top 

2 5 strained Si layer can be thin, j.e., designed optimaliy for the buried channel MOSFET, In 

FIG. 136, the top stiained Si and SiGe layers are removed in the region 1312 where the 
surface channel MOSFETs are formed. Because St and SiGe have different properties, a 
range of selective removal techniques can be used, such as wet or dry chemical etching. 
Selective oxidation can also be used since SiGe oxidizes at much higher rates Jhan Si, 

3 0 espaciaUy under wet oxidation conditions. FIG . ! 3C shows the gate oxidation i 3 14 of the 

surface channel device as well as the supply layer implant 1316 for the buried channel 
device. Finally, FIG. 1 3D shows the position of the buried channel gate oxide 13 1 S. No 
thinning of the top Si layer is required prior to the oxidation since the epitaxial thickness is 
optimixed for dje buried channel device. Subsequent to dsese initial steps, thes processing 
3 5 for each device proceeds as previously described. 
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Another key stq> in the process is the use of a localized iraplant to create the 
supply layer needed in the buried channel device. In a MOSFET stracture, wheti the channel 
is turned on, large vertical fields are present that bring carriers to the surface. The band o&set 
between the Si and SiGe that confines the electrons in the buried istraiiied Si layer is not large 
5 enough to prevent carriers fmm being pulled out of the buried channel Thus, at first, the 
buried channel MOSFET would appear useless. However, if enough charge were preseBt in 
the top SiGe layer, the MOSFET would become a depletion-mode device, i.e. nonaally on 
and requiring bias to torn otTthe channel. In the surface/buried channel device platform, a 
supply layer implant can be created in the regions where the buried channel will be fabricated, 

1 0 thus easing process integration. If for some reason the supply layer impiant is not possible, 
note that the process shown in FIG, i 1 in which the surface channel is created on fee buried Si 
layer is an acceptable process, since the dopant can be introduced into the top SiGe layer 
daring epitaxial growth. The supply layer is then removed from the surtace chan«el 
MOSFET areas when the top SiGe and shttined Si layers are selectively etched away. 

15 In the processes described in FIGs. i 0, 12 and 13, it is assumed that the desire is to 

fabricate a buried channel MOSFET, If the oxide of the buried channel device is removed, 
one can fomi a buried channel device with a metal gate (termed a MODFET or HEMT), 
The advantage of this device is diat the transconductance can be much higher since there is 
a decrease in capacitance due to the missing oxide. However, there are two disadvantages 

20 to using this device. First, ail thermal processes after gate definition have to be extremely 
low temperature, otherwise the metal will react with the semiconductor, fonning an 
alloyed gate with s very low, or non-existent, barrier. Related to this issue is the second 
disadvantage. Due to the low thermal btJdget, the source and drum fonnation and contacts 
are typically done before the gate definition. Invettitig these steps prevents the gate trom 

2 5 being seU-aligncd to the source and drain, thus increasing the series resistance between the 
gate and !he soutce and drain. Therefore, with a carel\illy dtj-sigtied buried channel 
MOSl-E T, the sell-aligned nature can be a great advantage in device performasKe. 
Another benellt of the MOSFET structure ss that the gate leakage- i.s veiy iow. 

l~he combinatioti of bur;ed n-channe! sttucmrcs wiih n and p lype surface channel 

2 0 MOSFETs bas been emphasised heretofore, h is important to sko emphasize that iti buried n- 
ohannel devices rjs well as in surface vhannel devices, the chatin&ts tieed not be pure Si . S i s ■ 
,Ge, channels can be used to irw-:-c:;^!. Siic stabilirx- during processitjg. FlOi--. 14 A and 14B are 
soheauitic dtagtania of aUffcice i -iOO a-^J bu- ;cd ;450 chatmei devices w)th S)i.vGe\ channels 
1402 on a relaxed Sij.4je;. layer 1404. The devices are shown after salicidation and thus 

35 contam a poly-Si gate 1 410, gate oxide 1408, silictde regions 141 2, spacers 14 14, and doped 
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regioiuMUl hi the .-.utKtCf charmd device J400, a thm bver !40() of St nn^t l.c 
dtipoMted onto tiit, 'nIj layer 1402 to form the g.uc oxide 1 4i'!8 as prr\HUtsly d^j^oiibeJ 
for buned channel de\fc«'? In (h^. buned Sit-ytit^ channel device ]45(), the dt;%kt. Jayur 
sequence is utichanged and consists of a bimed atramed channel 1402, a StGe spacer iayer 
S i4iS, and a surfecs S( layer 1420 for oxidatton. 

To maintain tensile strain ia the channel of an iiMOS device, the lathee constant of 
die channel layer must be less than that of tbe relaxed SiGe layer, le., y must be less than 
z. Since n-channel devices are sensitive to ailoy scattering, the highest mobih'ties result 
whea the Ge concentratioa in She chatinei is low. In order to have strain on tlvis clKmnei 

1 0 layer at a reasonable critical thickness, the underlying SiGe should have a Ge 
coftcentration in the range of 10-50%. 

Experimental data indicates that p channels are less sensitive to ailoy scattering, 
Tims, surface MOSFETs with alloy channels are also possible. In addition, the buried 
channel devices can be p-channel devices simply by having tbe Ge concentration in the 

1 S channel, y, greater than the Ge concentration in the relaxed SiGe alloy, z, and by switching 
the supply dopant from n-type to p-type. This configuration can be used to form Ge 
channel devices when y = I and 0.5 < z < 0.9. 

With the ability to mix enhancement mode surface channel devices {n and p 
channel, feough implant's as in typical Si CMOS technology) and depletion-mode buried 

2 0 channel MOSFETs and MODFETs, it is possible to create highly integrated digital/analog 
syslems. The enhancement mode devices can be fabricated into high performance CMOS, 
and the regions of an analog circuit requiring the high performance low-noise depletion 
mode device can be fabricated in Ihe buried channel regions. Thus, it is possible to 
construct optimal communication stages, digital processing stages, etc. on a single 

2 S platform. These different re^ons are connected electrically in the baclcend of the Si 

CMOS chip, just as transistors are connected by the back-end technology today. Thus, the 
only changes to the CMOS process are some parameters in the processes in the fabrication 
facility, and tiie new material, but otherwise, the entire manufacturing process is 
firatisparent to the change. Thus, the economics favor such a platform for integrated Si 

3 0 CMOS systems on chip. 

Although the present invention has been shovm and described with respect to 
several preferred embodiments thereof, various changes, omissions and additions to the 
form and detail thereof, may be made therein, without departing from the spirit and scope 
of tiie invention. 
35 WhU is claimed is: 
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CLAIMS 

1 1. A semicoaductor stnicture comprising: 

2 a pkiiarized relaxed Sit.,,Gex layer on a substntte; and 

3 a device heterosttuctitre deposited on said pianarized relaxed Si i .^Gex layer 

4 including at least one strained iayer. 

1 2. nie structure of claim 1, wherein said strained iayer comprises Sii.yGcy With 

2 y<x, 

1 3. Tho structure of claim 1 , wherein said strained layer comprises Sij-yGey with 

2 y>x. 

1 4, Tlie structure of claim 1, wherein the device heterosducture comprises a Sij. 

2 ^Ge^ layer in which z is approximately equal to x; a Sij-yGey iayer with y<x; and a layer of 

3 S>. 

1 5. Tfie structure of claim 1, wherein the device beierostructure comprises a Sis- 

2 gfleis layer in which z is approximately equal to x; a Sij-yGcy layer with y>x; and a layer of 

3 St, 

1 6. The structure of claim I , wherein the device feelerostructure comprises a S i i . 

2 «Ge,, layer in which z is approximately equal to x; and a layer of Si. 

1 7, The structure of claim 5, wherein y is approximately 1, 

1 8 . Tlite structure of claim 6, wherein both x and z. are gisater than 0,1 and less than 

2 or equal £o 0.5. 

I 9 . Tlie structupe of claim 8, wherein the layer of Si is less than 0, 1 ixm. 

1 1 0. The structure of claim 7, wherein both x aiid z are greater than 0.5 and less 

2 than or equai to 0.9. 

1 M . Jht structore of claim i 0, %vherein the layer of St is less than O.OOStiiit. 

1 i2. Hie structure of claim 1, wherein the device heterostructure comprises a Sij-^Gej 

2 layer ia which z is approx imately equal to x; a second layer of Si i -vGCy with y<x; a third Sii . 
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3 -f/Ge^ layer in which w is approximately x; and a layer of Si, 

1 .13. 'Hie structure of ciaira 12, wherein y is approximately 0. 

1 14 . The structure of clai m 1 3 , wherein 0, 1 <x<0 . 5 and the thicimess of the second 

2 Sif-.vG% layer is less than 0.05>.un, 

1 15- The structure of claim 14, whereia the layer of St is less tiban O.OOSj-an. 

1 16. The structure of claim 1, wherein the device heterostracture comprises a Sif. 

2 xGe^ layer in which z is approximately equal to x; a second layer of Sii .yGsy layer with 

3 y>x; a third Si e-wGCw layer in which w is approximately x; and a layer of Si. 

1 17. Tiie structure of claim 16, wherein y is approximately I , 

1 1 8- ThQ structure of claim 1 7, wherein 0,5<x<0.9 and the ihickness of the second 

2 Sii .yGCy layer is less than O.OS^m. 

1 19. The stnicture of claim 1 8, wherein the layer of Si is less than O.OOSjim. 

1 20- Tiie structure of claim 1 , wherein the substrate comprises relaxed graded 

2 composition SiGe layers on Si. 

1 21. The structure of claim 1, wherein the substrate comprises Si. 

1 22. The structure of claim 21 , wherein iJie relaxed SiGe/Si stmcture is formed 

2 through wafer bonding, 

1 23. The struc&re of claim 1 , wherein the substrate comprises Si with a layer of 

2 SiOj- 

1 24. The structure of claim 23, wherein the relaxed SiGe/SiOj/Si structure is 

2 formed through wafer bonding, 

1 25.. A method of fabricating a semiconductor structure comprising: 

2 providing a rehixed Sii^sGe^ layer on a substrate; 

3 planarizing said relaxed Sis.^jGex layer; and 

4 depositing a heterostmcture on said planarized relaxed Sii-xGe, layer including at 

5 least one strained lay«r. 
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1 26. The method of clajjn 25, wherem said strained layer comprises Sij-yGej, with 

2 y<x. 

1 27. The method of claim 25, wherein said strained layer comprises Sis.yGev svttli 

2 y>x. 

1 28. The method of claim 25, wherein the heterostmctare comprises a Si s Si&t 

2 layer in which z is approximately equal to x; a Sij.jX3ey iayer with y<x; and a layer of Si. 

1 29, The method of claim 25, wherein the hetemstructure comprises a Sii-^Ge.; 

2 layer in which z is- approximately equal to x; a Sii.yGcy layer with y>x; and a layer of St. 

1 30- 'ITie method of claim 25, wherein die heterostructtire comprises a Sii-xGe-^ 

2 layer in which z is approximately eqaal to x; and a layer of Si, 

1 3 ! . The method of claim 29, wherein y is approximateiy i , 

1 32. The method of claim 30, wherein both x and z are greater than 0. 1 and less 

2 than or equal to 0<5. 

1 33. The method of claim 32, wherein the layer of Si is less than O.lfim. 

.1 34. %e method of claim 3 1 , wherein both x and z ate greater than 0.5 and less 

2 than or equal to 0.9. 

1 35. The metliod of claim 34, wherein the layer of St is less than O.OOSfim. 

1 36. The method of claim 25, whereiti the heterostructure comprises a Sii-xGe^ 

2 layer in which z is approximateiy equal to x; a second iayer of Sti.yGCj. with y<x; a third 

3 Sij .wGevv layer in which w is approximately x; and a layer of Si, 

1 37. ITie method of claim 36, wherein y is approximateiy 0. 

1 38. The method of claim 37, wherein 0. l <x<0.5 and the tihickness of the second 

2 Sii.yG% layer is less than O.OS^m. 

1 39, Tlie method of claim 38, wherein the layer of Si is less than O.DOSurn. 

1 40. The method of claim 25, wlierein the heterostructure comprises a Sit.^Ge^. 

2 layer in which z is approximately equal to x, a second layer of Si^yGey layer with y>x; a 

3 third Si s .wGe^ layer in which w is approximately x; and a layer of Si, 
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1 41. The meliiod of claim 40, wherein y js approximately 1. 

1 42. The jiwthod of claim 41, wherein 0.5<x<0,9 and the fetckness of the second 

2 Si j .,j3ty layer is less than O.OSjim. 

I 43. Ute method of claim 42, wherein the layer of Si is less than COOSpm, 

1 44. The met hod of claim 25, wherein tlie sabstrate comprises relaxed graded 

2 composition SiGc layers on Si. 

1 45. Tlie metliod of claim 25, %vherein the substrate comprises Si. 

1 46, Th0 method of claim 45, wherein the relaxed SiG&'Si structure is formed 

2 through wafer bonding, 

1 47, The metiiod of claim 25, wherein the subsfitate comprises Si with a layer of 

2 SiO,. 

1 48. The structure of claim 47, whensin the relaxed SiGe/SiOj/Si stmcture is 

2 formed through wafer bonding. 
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A METHOD FOR SEMICONDUCTOR DEVICE FABRICATION 



PBIOKITY l]^^FOR^L4TIOH 

5 This application claims priority from provisional application Ser, No. 60/28 1 ,502 

fiied April 4, 2001. 

BACKGRODNP OFTHE INVENTION 

The invention relates to the production of a general semiconductor substrate of 
relaxed Sii.KGe,r on-iasuiator (SGOI) for various eiocrromcs or optoeiectronics 
1 0 appljcatioiis, tl>e productioa of strained Si or strained SiGe field effect trjuisistor (FET) 
devices on SGOI, and tlie production of mosocrystalEfie IG-V or II-VI matertal-on- 
insulator substrates. 

Relaxed SGOI is a very promising technology as it combines the benefits of two 
advanced tecimologies: the convrntional SOI technology mid the disruptive SiGe 

IS technology. The SOI configuration offers various advantages a^ociated with the 

insnlatiug substrate, namely reduced parasitic capacitances, improved isolation, reduced 
short-channel-effect, etc. The SiGe technology also various advantages, such as 
mobility enhancement and integration wiiii IH-V devices. 

Oae signiScant advantage of the relaxed SGOI substrate, is to fabricate high 

20 mobiiity strained-Si, strained-Si [.xGe^ or strained-Ge FET devices. For example, 

strained-Si MOSFETs can be made on the SGOI substrate. The strained-Si MOSFETs on 
the SGOI has attracted i"jlieniio.n because it promises very Idgh ekctron and hole 
mobilities, which increase the speed of the eiectromc ci rcuit. Other UJ-V optoelectroxiie 
devices can also be integrated into the SGOI substrate by matching tlie lattice constants 

2 5 of lU-V materials and the relaxed SiuxGex- Fo^' example, a GaAs layer caji be grown on 
Sii.xGex-on-insulator where x is equal or close to 1. SGOI may sen^e ^ an ultimate 
piatfomi for high speed, low pow<sr electronic and optoelectronic s^Kcations. 

There are several methods for fabricating SGOI substrates and SGOI FBT 
devices. In one method, tiie jepai^tion by iinplantation of oxygen (S3M0X) tedinology 

30 is used to produce SGOI. SMOX uses a high dose oxygen implant to bury a high 

coRceBiiatiQn of oxygen in a Sij-xGcx layer, which will then be converted into a buried 
oxide (BOX) layer upon ^m©alin» at a high temperature. One of the mam drawbacks is 
the quality of the resulting Si-.^xGex film and the BOX layer. la addition, the Ge 
segregation during tlie high temperature anneal also limits the amount of Ge composition 

35 to a value that is low, such as 10%. Due to the low Ge compossition, the device 
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fabricated on. those SGOI substrates has limited perfoimatice. For example, the straineci- 
Si MOSFETs febricated on the SGOI by the SMOX process have limited dectron or 
hn!c niobtl iy enhancement due to the low Ge composition, since the mobility 
t;nhdTict.\nt;ut is dependent on Oc coBiposition through the degree of the strain m the 
5 strained-hi layer. 

In a -icoond method, a con\entK>i5a} Mhcon-tm-n)suLitoi 5 SOI) Mibstuitv. kv used ai> 
a compiiant sub'^iraic In tlii«: process, ftn imtially straiaeo Si layei i*- deposited on 
athinSOI subsuate. Upon aa aimeal ttsatnient, the stiainjatheSii.xGexlayeris 
transferred to the thin silicon fihn underneath, resulting in relaxation of the top Sit-xGe^ 

1 0 film. The final stractia-e is a relaxed-SiGe/strained-Si/insulator, The silicon layer m the 
stmctare is tmnecessary for an ideal SGOI sfoacture, and may complicate or undermine 
the performance of devices built on it. For example, it may form a parasitic back channel 
on the strained-Si, or may confine tinwanted electrons due to the band gap offeet between 
the strained-Si and SiGe layer. 

15 In a fiiird metliod, a similar SGOI suhsirate is pxjduced using a p"' layer as an 

etch stop. On a first Si substrate, a compositionally graded SiGe buffer is deposited, 
followed by deposition of muUiple material layers includmg a relaxed SiGe layer, a p"^*" 
etch stop layer, and a Si layer. After bonding to a second substrate, the fmt substrate ia 
removed. In an etching process, tlie compositionally graded SiGe buffer is etched away 

2 0 and etching stops at P' "^ etch stop layer, restdtmg in a relaxed-SiGe/Si/insulator stracture. 
The presence of the silicon layer in the structure may be for tlie purpose of fecilitating 
the wafer bondiiig process, b«t is mmecessary for ideal SGOI stib^ates. Again, the 
silicon layer may also complicate or undermine tie performance of devices built on it. 
For example, it may form a parasitic back channel on this strained-Si, or may confine 

2 5 imwanted electrons due to the band gap offset between the Si and SiGe layer. Moreover, 
the etch stop of p"*^ in the above structui-e is not practical when a first graded Sit.yGey 
layer im a final y value larger than 0,2. This is because the ^cli rate of KOH will slow 
down diamattcallv when KOH leaches tiic Sii <,G<^ kver with a Ge compositjon lai^i.. 
tlian02 idt'ir i^'>..Tis it<5>.it o \c-^> good ^t^l Mor^orKOTl Thftefor«, j^.Oil v'^dl nut 

30 he ab\ lu icmuv.. pi-iUiodllv all ol die first compositionally graded Si, yGe, ld>er iv\Uui 
> is Kngs^j ihdn 0 2 ) <nid Jhe t-econd relaxed SiGe layer thus using a p"** layer as an etch- 
iiop ior KOH 3-^ not praciscdl 

Odici actcmpli^ uichide ic-ciystalh/atton of an amoTplious Si] .Gt^ 1 lyej 
deposited on the top of a SOI {silicon-on-msulator) substrate. Again, such a structure is 
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not an ideal SGOI sabstrate md fbe silicon layer is unnscessary, and may compHcaie or 
aadermine the petfomiaiice of devices built on it Tbs relaxation of the resultant SiGe 
film and quabty of tlie resultini? stnicture are mam concerns. 

In a leccnt method tela>ced Sj ^Ge^ on-imuUtoi ib piodui^ed bs usmg 20% SiGe 
5 \d\<^r an «-tch-stop ] list i compo^iti •)na!K g!i>ded S^ ( n. butti.r <v\hcrc \ is ic- -> ihn 

(lie deposited OM tht fuRt -lubsjir ate lh<.n><.de-> vk' 1 1 a to a -.ci. ond 

in&uiatmg bubbtrdlt^ Aftci rtiuovmg tiic iiisi s>ubbtiatt diid giadeu buiiv,j lavcr uuh-'mg 
the Sij yGcj as an cich-stop, a Sit >CTej-on-insulatoi (^SGOl) i^ulli. The niethnrt makcji 

1 0 use of an expmmeatai discovery that Sii.yGey with Ge conapositioB larger thati aboiit 
20% is a good etch-stop for all three conventional Si etchant systems, KOH, TMAH aud 
BDP, md the selectivity is better tfcaa the cotiventionai p * '' etch stop. In this method the 
etch-stop Sii.yGcy layer is part of the jSnal SGOI stmcture. However^ as the Ge 
coaapositioa in the final SGOI structure is fixed hy the etch^-stop Sii.yGcyj if the desired 

15 Ge composition in the final SGOI stmcture is much higher or lower than 0.2, tlie above 
method is noi practical. If it is much lower than 0.2, for exainpie 0.1, Sio.jjGeoj is not a 
good etch stop at ail. if it is much larger than 0.2, the Ge composition difference 
between tlxe etch-stop layer mid surface layer in the grade buffer is too big and diere is 
large lattice constant difference between the two layers, which prevents the growib of a 

2 0 relaxed etch-stop Si i-yGCj. layer with good quality. 

From above, clearly mi improved metiiod is needed to fabricate a relaxed SGOI 
substrate with high Ge composition and wide range of Ge conaposition. An improvcsd 
method is needed to fabricate strained-Si or strained-SiGe EET devices on SGOI 
substrate with high Ge composition. 

25 

StjMM\R\ oi im miNilON 

Aci..oraiu^ to one a.spect t * thw n i*kti unvrilwr piosidts d ludhod ol 
sennconductoi dcMce fabucation and more ^spccihctilv i nierhoa oi p oduviion ot a 
general scm^conductorsubstiate of iciaxcdSOOli 11 \^nou^£.kctmnKsoroptf>ckLii > ik^ 

3 0 apphcations, a method of production of sh ained Si or strained SiQl 1 1 T de\ icejj on SG 01, 

and the production of monocrystelline III-V or Il-Vi material-on-insuiator substrates. The 
iaventioR provides a method of producing a relaxed Sii.jcGex-on-insulator substrate with high 
Ge composition and vnde range of Ge composition, and the Ge composition may be much 
less or much higher than 20%. The invention provides an improved method to fabricate 



wo 02/082514 PCm!S<J2/K>317 

4 

stmaed-Si or strained-SiGe MOS.FET devices on SGOI sub^rate with hi^i Ge coiaposMon- 
Whm stramed-Si n-MOSFETs are fabricated on relaxed Sii-xGex-on-msalators substrates 
with a high Ge composition, 25% for example, feere is sigmficant eahancemeat on electron 
mobility as compared to the co-processed balk-Si MOSMTs oii conventional bulk Si 
substrate. 

BRIEF DESCRIPTION OF THE 1>RAWLNGS 

Figs. i{a)-l(d) are flow process diagximis of a S60I substi-ate fabrieatioii process; 

Fig, 1(e) is a block diagram of relaxed SiGe md straiaed-Si x-egro^ili on a relaxed 
SGOI substrate for strained-Si M.OSFET application; 

Fig, 2 is a block diagram of a compositionally graded Sii-sGcx buffer deposited 
t^itaxially on a Si substrate; 

Fig. 3 is a imcro-pfeotograph of an exemplary strained-Si snrface channel 
MOSFET device febricated on relaxed Sio.75Geo,23~on-insulator; 

Fig. 4 is a graph showing the me^nred experimental effective electron mobility as a 
function of effective vertical electric field firom the exemplaiy strained-Si MOSFET device 
^own in Fig, 3 ; 

Fig. 5 is a block diag-rain of anotlier embodiment of a of SGOI structure wi th 10% 

Ge; 

Fig, 6 is a block diagram of another embodiment of a SGOi! sirticture with 80% Ge 
tfcsingtwo etch-stops; 

fig. 7 is a block diagratn showmg ttie production of an III-V on insulator structures; 

and 

Fig. 8 is a block diagram of another emboditneot of a SOOI structore with improved 
SiGe layer tMctoiess imiformity. 

Ota Alt El> Dl s< KIPl ION 01 Tim INVENTION 

Ing^ i(d) arv f o\\ proLossduigt ain^ of an s;\ptnncuti f ibnca onpioi, s^ttd 
SGOI subshate ■wtth Ge corapo"=;jhnn of 2'^'^o m ac<.orJ<u-!v.e wjth out ..mbodiinent oi tb. 
iuvaation Startugvith^4 S^IOO) suUtrate^J-sighqiul t\ icLiNt-dSh sGe }fx^u^ 
4 IS grovin at 900 "C b> IJilVCM) ast ig a coaipositJonaUj' graded Sti ^Ge^ hutiei 6 
technique as described in U.S. Pat No. 5,221,413 issued to Brasen et al., which is 
incorporated herein by refereiice in its entirety. Using this technique, a compositioRany 
graded Sii.xG«x bu^er 6 can be grown epitaxiaily on Si substrate, which allows a relaxed 
SiGe layer to be grown on the top of the bnJfifer with low threading dislocation density. 
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Fig. 2. IS a Mock diagram of a composiiionaliy graded Sij-^G&t buffer 30. The 
composiUonallv graded Sij.tGe^ buffer 30 is a multi-Iaver stmcmre where Ae Ge 
oonjposiiiori in each layei ib dun ^ , ^ ^ ^ from abcguirjng % aluc to imA s a uo 1; 
evarrpk, the conipoM^oraily j i-J-^d ^ i ^ b ^'Ae\ 30 <-ho\\ n m Fig 2 ^as 3 o la^cis, ard 

30" 0 in t1 c la t la> or (layer 10) Such a i ompositjooally graded Su ,Go, but+cr 30 allow s a 
high quaiits xciaved Siy-rGeo 3 layerto be grown on the top of the buffer witli low threading 
dislocation density. 

Refeixing to Figs- l(a)-l(d), a conqjositioiially graded Sii.xGex bufifer 6 is 

10 epitaxially grown on a 4-inch Si (100) substrate 2, when-e flie Ge composition x is increasii^ 
^adually fiom ssero to 25% with a ^^adingrate of 10% G&/\xm. Wi&in fcecompositioiialiy 
graded Sii.s^3ex buffer 6, a pojlion of the buffe 6 with Ge composition larger thaii about 
20% forms a natural etch stop, A 2.5 }im-thick undoped, relaxed Sio.73Geo.M cap layer 4 is 
then deposited, as shown in Fig, 1(a). The slow grading rate and high growth temperature 

1 5 result in a coiripletely relaxed cap layer 4 with threading dislocation densities of ~ 10^ cm'^. 
As shown in Fig. 1 (b), the wafer 2 is then ilipped over and bonded to a second Si substrate 
10, which is thennally oxidized. The oxide 12 in the second siibstrate will become tlie 
insulator layer m the final SiGe-oii-hisidator substrate. Tlie bonded pair is thea annealed at 
850 ''C for i .5 hrs. The bonded pair is grounded to remove the donor wafer substrate B, as 

20 shown in Fig. 1(c). The wafear 8 is ihen subjected to a IMAH solution to etch away a 
portion of fhc compositionally graded Sii .xGcjt buffer 6 with Ge composition less than 20%. 
The etching process stops approximately at a 20% SiGe layer 14 wilhin the compositionally 
graded Sii^xGcs buffer 6 and the 20% SiGe lajnsr 1 4 is used as a natural etch stop. 

After perfoiming tlie etching process, the remaining portion of the compositionally 

25 graded Sit.,iGex buffer 14 with a Ge composition bet^feen 20% to 25% and pan of the 
relaxed Siy.75Geo.25 1 ayer 4 are removed by chemical-mechaiicai polishing (CMP), reijuitiiig 
in a relaxed Sio.75Geo.25-on.-insuiator sub.sii-ate, as sho^^')^ in Fig, i{d). The CMP process is 
also essential in phmarizing tlie SGOI siutace ibr epitaxial regrowih in the next step. As 
shown in Fig. Ke'}, in order to snake a &rrained-Si de^'■ce 22, a 100 nm p-tj'pe (doping lO''' 

.■3 0 cm'^) relaxed Sii .^Ge^. layer 1 8 is grown ai SSO '^t' with a Ge composition of 2 S%, followed 
by 8.5 nm-fhicic uodoped stiained-Si layer 20 grown ai 650"C. .Electronic devices jviay be 
fabricated on the above semiconductor structure, hi particular, a large size sirained-Si n~ 
MOSFETs casi be fabricated on the above structure sad significant electron mobility 
enhancement is observed from the strained-Si MOSFETs, 



wo 02/082514 



rcrmmmmi 



Fig. 3 is a micro-photognqjh of a stmmed-S.i, surface chamei «-MOSFETs ob the 
relaxed SGOI sn'iMrate The f?-VIOSFET includes gate stack 24 that has a 300 nm low 
fempersture oxide (LTO) 2o d^rposited Ma LPCVD at 400*C, and a 50 iim of poly-Si 28 
dopubited 5oO-\"" TUo un ihiokrie'-s oTi'ii: 1 TO gate 24 dieiecttic facilitates the process, 
5 dc3v.rJied below CipacK rs fabucated wuh LTO have demonstrated interface state 
ienfjtics oa par wjth thermal oxides (-5^ 10*'' cm'^ eV~^). The measured Sxed oxide charge 
Jt;n&its s dDoat 2 4x10' ' <^m ' . 

The j;ait; t.+ack 14 is then paliemed atid etc led mto MOSFET stnicfeires, A key st^ 
is the use of a buffered oxide etchant (BOE) to nndeictit the gatepolysiliocm, fomiing a large 

1 0 'T~gate" geometry- Arsenic ion impiaitts {35 keV, total dose 1x10^^ cm'^) are performed to 
dope both tlie source/drain 30 and gate 24 regions at 4 perpendicular directions with a 7*' tilt 
to extend the source/drain regions under the T~gate structure. The dopant is activated via 
RTA at iOOOX for 1 s. Since the strained-Si layer 32 is in equilibrium, no relaxation \'ia 
misllt dislocation introduction occurred. Blanket Ti/Ai metallization iis perfonned via e- 

X5 beain deposition at a perpendicular incidence. Due to the extreme geometry of the "T-gate" 
FBI structure and large gate LTO 26 thictaiess, breaks occur iu iiie meta! wliich isolate the 
source, gate, atid drain regions 24 and 30 without huther lithogiaphy. 

Long chaimel «-MOSFETs (eftective channel length Leg" 200 \m) are used to 
evaluate the electron mobility as a luncUoa of tiie vertical field. The effective electron 

2 0 mobility p,eff is extracted from the linear regime device current that is defined as: 

where is effective ciiannel length, B^^^ is eilective channel width, las is ciirrent fem the 
drain to source, C^x is the oxide c^acitance, Vgs is gate to source voltage, Vi>&' is the drain to 
source voltage, wherein in this embodim^t, Fjos ~ 0.1 The oxide capacitance is defined 
25 as 

C^.^-s-^/C Eq.2 

where s^^ is the dielectcic constant of oxide, and is the oxide tiiickness. Tlie oxide 
capacitance is obtained .from C- V measurements on fee device, and Hie oxide thicbiess ia^ = 
326 nm is also extracted from the C~V measurements. The effective vertical field is 
30 given by 
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wliere is the balk depletion, chargej Q^^ is the inversion charge, and ,?5 is the 
dielectiic constant of Si. Because of uncertainties in fee stramed-Si/Sio.vsGeo.zs doping, 
the bulk depletion charge Qt, is not computed from the mmlN^^^^iex approximation. 
Instead, Qi, is exlTacted from 
5 iTox^^^-a/nv + Qb, Eq.4 

where is the electric field in the gate oxide. As a. result, the effective field can be 
ajfp-oximatedby 

E^^fE^Sax- - Bq. 5 

The inversioii charge Qj>,„ is taken to be 

10 CWFo^rrj,£«v Eq.6 

and is assumed to be equal to Fas//o5» which holds imder the conditiom of strong inversion 
and Vos » Vds, such that ifeepoteatial difftsreace betwega the strongiy-inveTted Si surface 
and the S/D regions is negligibly small compared with ttte large potential drop across tiie 
thick gate oxide. 

1 5 Fig. 4 is a graph demonstrating the measured effective electron mobihty as a function 

of the effective vortical electi-ic field on a strained-Si oa SGOI. Tiie graph also demonstrates 
the mobilities of two other controls, such as conventioxial bulk Si MOSFETs 34 and 
strained-Si MOSFETs 38 on relaxed bulk SiGe substrate, for comparison. Since all ttoee 
devicevS have the same geometn' and are processed simultaneously, possible errors due to 

20 factors such as the extraction of the ring geometry factor, aiid appi-oxiiiiations in Es.ir 
evahiation do not impact the relative comparison of the eiectroa mobility characteristics. As 
shown in Fig. 4 , the measured mobility for the CZ Si control device 34 is close to the 
universal mobility curve 40. Fig. 4 also shows that the me^ured electron mobility 
enfaatic©Eaent for strained Si MOSFETs 36 fabricated on SGOI as compared to the mobility 

25 of co-procsssed bulk Si MOSFETs 38 is significant (~1 .7 tames). In addition, the electron 
mobilities are comparable for devices fabricated on SGOI 36 and bulk relaxed SiGe kyears 
38, thus demonstrating the superior mobility performance introduced by the strained-Si 
chanBol is retained in this SGOI structure. This ealiancemsnt factor of 1 .7 is consistent with 
previously reported experimental and theoretical values for stpained-Si «-MOSB!ET$ on bulk 

3 0 relaxed SiGe films. 

This demonsirates that the fabricauon ov relaxed SGOI .structures arul stniiric-d-Si 
FEI devices on SGOI with higli Ge composition of 25% is practical This ai.so 
demonstrates that stiained-Si MOSFETs fabricated oa a SGOI substrate can significantly 
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improve eiectt-on mobility, .fa contrast to the method of fabrication of SGOI by SMOX 
process where the Mgh annealmg t^perature limits the Ge coraposition to a low value, the 
process of formiBg a SGOI in accordance with tiie kvsaitiou h^ a low thermal budget and 
tbtts is compatible with a wide range of Ge composition in tlie SGOI substrate. This 
5 embodmicmt of inventioii allows fabrication of a SGOI substrate and a stmined-Si FET 
device with higii Ge compositioii, and the Ge composition can be mmh higher thai the Ge 
composition in the relaxed Sii-yGcy etch-stop layer where y has a value close to 20%. 

la a variation of the above process, before tlie step of boading, various of material 
layers like strained-Si, strained-SiGe, relaxed SiGe may al-so grown on the relaxed 
1 0 Sio.7sGe(i.25 cap layer 4, For example, a three layer system, a sh-amed-Si, a sti'amed-SiGe and 
a relaxed SiGe layer, may be d^osited before bonding. Therefore, after boadittg and layer 
removal steps, the strained-Si and stramed-SiGe iaj^ers are on the SGOI structure and can be 
used to fabricate botii n-MOSFET a»dp-MOSF£T devices immediately wiflioxit ategj^owth 
step. 

15 Fig, 5 is a block cUagram of a low Ge composition SGOI substrate. The Ge 

composition in the SGOI substrate can be considerably less than the Ge composition in a 
relaxed Slj-yGey etch-stop layer where y has a vahie close to 20%. For example, a SGOI 
substrate with Ge composition of 10% cai:! be fabricated. As shown in Fig, 5, a 
compositionaliy graded Sif.xGex bdFer 46 is epiteially grown on a silicon substrate 44, 

20 whsa-e the Ge composition x is increasing gradually &om about zero to about 20%. A 
unifonn etch-stop layer 48 of relaxed Sij-yGCy is deposited where Ge composition y is larga- 
than or close to about 20%, Ihen a second compositionally graded Sij^sGe^ biiffer 50 is 
grown on the etch-stop layer 48 where Ge composition z is decreasing gradually iirom a 
value close to 20% to a smaller value, in this embodiment 10%. Finally a tmifomi relaxed 

25 Sio,9eo.i layer 52 is grown. 

After flipping over and bonding to a second substrate, the first substote is removed. 
A wet etch of KOH or TMAH removes the first graded buffer and stops at the etch-stop 
layer 48 After the etch- stop layej 48 and second composjtioua Uy g t aded Si , -Gc^ bu ffci 50 
arerenio\ed, the relaxed Si iGe t Usti ^^.r^k^o^d '-su u.girvjbi,) Gci <-on-ms>u}ator 

30 substtatc In summary, {tinpioce-s alio i k ^noi'^ c sGOT \\uh Gc n^uipObUion 
much less than 20%. 

The embodiment uuthncd m Fig. 1 is also apphcabk lo the tabn<.atioTi oi SGOI 
strticUue? with Sv.5y hij'-hC^fe composition, for example 80% Hox^tnc- tbo Sia iGc,)s ia>o) 
in tlie final SGOI structure may not have good thickness miifomiity for such Mgh Ge 
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composition. The SiGe layer tliickness uniformity is itaipoitant. For exampie, to febricate 
strained-Si MOSFET devices on a SGOI stracture, performance of ft.e devices strongly 
depmds oa the tMclmess of the Sio.2Geo.s layei-. A uniform SiGe layer is higlily desired. 
To fabricate SGOI with Ge composition of 80% using tlie Bjethod described in Fig. 1, it 
5 iicce&StUaiesili«depo5>uiouut<iiekuvs. i k-viiooEanmallv uiadcdSii Gc> bufieiwhuc 
die Gccompos'tior IS incre^MHii ^.oo i .-^ t<* -s '.to oSO'^i M ^Lili oi KOfi etch stop 
etches AV\ ay dk> fivt or o' -oripo^K' -^nai'^ j vVass f .c, hfutcr\\hc>!eGcco!apo<;it!fin 
IS ksi> tbiii. 20% ard stups at 20% SiUc ^avcr die composniunaliy giadcd bij-^Gv', 
buftli rbe renMiuirg portion of tb«^ coiupo-^Kiorailv gmded ^si vGe^ buttei ii> still 
X 0 considerably thick, where Ge composj lion varies from about 20% to 80%. For example, the 
remaimng portion of the conipositlonaUy graded Sii .xGcx bufifer witb Ge composition ftoin 
20% to 80% has a Mckness of 6 if the buffer is growii with a fading rate of 10% 
Ge/pm, 

This 6 pin thick buffer needs to be removed in order to explore the Sio.aGeci.g layer, 
1 5 for exanwle by means of CMP. This removing step may induce sigiiifica.nt noii-iimforniity. 
There are two possible sowrces of non-imi formity. First the growth of the SiGe fdm itself 
m&y be not uniform acro,ss the wtiole substrate. For example, it is obsers^ed that the SiGe 
buffer can vary more than 10% in thickness if the surface of the Si substrate is placed in 
parallel to the direction of mict^t gas flow m the CVD reactor <3min.g giowth. In Ms 

2 0 orientation, one part of the substrate is in contact with hi^er concentration of gas than the 

other part since the gas concentration is decreasing along its flow pass as gas gets consmned. 
Th^efore, the growferate is different, resulting in diffss-ences of layer thickness. To avoid 
thi s non-«aiS)miity, it is preferred that the surface of the Si substrate be placed ncamal to the 
direction of reactant gas fiovi^' in the reactor during the gro\.vth, 
25 The second source comes from the removing process of the buffer layer. For 

1 4.irapk, il die biiifw Lt>er is i-cniu\£d b> a pdh'i.hing technique such as CMP, the CMP 
process may mduce some uul^^n^nl^^ .^^'\.'u^^h riv'CMr caninioruve the local anifonnit\, 
it may auluct son\e global uon-uniloimus acioss the waier bui cvanipL. ihc (.IMP piooesjS 
nu> pohsh the edge of the wa&r faster than the cuitcr. As a lesuit. die final SGOI structure 

3 0 has a non-iini foi m SiGe iayei , Using two or mo ■ c ctch-stopji. the i.>'stci5 1 can impi < iv c thv.' 

unifoimuy as de.-.ciibcv.i m ih^.. embodiment bciov. 

Fig. 6 is block diagram of a SGOI substrate with improved SiCis layer unifomiity 
usmg two etch stop layers, which is especially suitable for SGOI substrates with high Ge 
composition. As shown in Fig. 6, a conipositionally graded Sii -xGcs buSer 56 is grown on a 
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silicon scbstrate 54, where Ge composition x is incre^itig gradually &om zero to about 0.2. 
A unifomi eich-stop i&y^ 60 of Sio.sG«a.2 is deijosited, aid then a. contmmng 
(.o«ipos.Uio«ally graded Sii.yGe, bufter 62 is pro\ided where Gc composition m^ik rc.mng 
^ladu 5iU tiom about 0 2 to a hifhcr \aliic, for example 0 S A second ^tch "top laN < i o I- ot 
5 strained Si Jhcn ^low < \ u ^.v^ j s i dvpL>-,iit,J " itli aOt, ct nposjiion 

u} 8" t> VtTcrflippn gO'* V dru ^^c o s i -iUb itliW, thetji'it ^ub~-tt rtc 

Is !< It cd nming> t - n -i^ iq^ V. jit u -^p p -^-^ t!oi < Ih c^taded Si! ^G.. blotter -^t; 
IS removed md die c^chu s n >p at tnt, Qx et<. it stf jp ci o'J ui ix j^Oc . W ith c>iii tliei 
etching st€^, the second (.ompoi.mondll> graded Si jCex butler 62 i tcrnoNcd and the 

1 0 etching stops at the second etch-stop layer 64 of stramed-Si, Removditg the second etch-stop 
layer 64, the final relaxed Sio^Geo.s layer 66 is releasedj resulting in a Sio.?.Gea.8-ott4asiiiator 
substrate, { M the above process, the surfece of the deposited kyers maybe very rotigh due 
to the Crosshatch in the SiGe buffer. A smoother strained-Si and relaxed SiGe layer may be 
w«ited. A CMP step can be used for this purpose to smooth for example the 

15 compositionally graded Sii.yG«y buffer 62, before depositing file second etch-stop layer 64, 
Fig. 7 is a block diagram of a GaAs-on-insulator substrate. As shown iii Fig, 7, a 
composittonally grtided Sis-xGex buffer 74 is grown on a siHcon substrate 72. wbers Ge 
composition x is increasing gradually tVoni zes-o io about 1, i.e., to pure Ge composition. 
Within the compositionally graded Sii-xGe,. buffer, a portion of the buffer with Ge 

2 0 composition larger tliati about 20% fonns a natural SiGe etch stop . Then a second etch-stop 
layer 76 of sliained~Si is ^own, followed by a relaxed Ge layer 78. A unifbnn GaAs layer 
80 is then deposited. After fiijjping over atid bonding to a second instilating snbstrate, the 
first substrate is removed. During the first etching step, the portion of the ctsnpositionaOy 
graded SiKicGex buffer 74 with Ge composition smailer than 20% is removed and the etching 

25 stops at fee &st etch-stop layer. With the second etching step, the remaining 
composittonally graded Si^tGe^ buffer 74 is removed and the etching stops at the second 
etch-stop lay^ 76 of strained-Si. R^oving the seec«id etoh-stop layer 76 of strained-Si and 
the Ge layer 78 results in a GaAs-on-insuiator structure, 

i I a 1 of the a u\e-mca. or-.t. SLOl V> o m uiatoj tab ic^t on pmcestcs 

30 \\aftri bonding is ufeed In oiUtt >,i; oii ^■vo > .ic^j llic suttaces sloild hs. smooti 
enough w,]th a tei'v sin ail surfacv. '■o Jir-'^s 1 ^^ ^ ,*>icai. gtowi Sitj.:l3>t'i ^tsainidS.. 
iaycr Ge ia fi ot t.ja\i. la ir can be rough fspurdly, *hc: LO.npu^itionalb a,iavkd ^iGo 
bijffci si o\>-^ a \oiv loug^li <?iaface due to the cross-hatcb (a di-itooar or nuiucv.d 
phenomenoii). The CMP process is conventionally used to smooth the surface betore 
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bonding. However, as described above, CMP may induce global non-mijfonmty across the 
wafer, MoreoYct m i^onc CAi.es, there may not be cnoiij^b tbici.nLs& \i a adrLit^ to be 
polished Foi exviTupit,, u a la>or ts a strained Sj etch-stop 1 1 '^ei it luO n^^s i< v(.p -aiall 

5 I^Ao -^pprojc^ei jp^r -.c i v ^ ^ m - The -osl aip oacii js 'i.. p. 

dppoM*i7ig the u-t i'lm maioaal w m * ^ v s i n icd Si j pi ' isi, t 

SRjt, biffer liVvF lO .ii,ne\i, cnniu' j s h < i tm u^s T.^oi puv^ tiie uii bUanict' 
otcb fop H>oi, \\ hif'h K ♦ ta iu a ^sinLot itial Siiuiaoe If the s.irLi*. e i ^moofi enough 
the structoe om be bonded directly. Even if poiisiiing is stiH needed, it will reduce the 

1 0 thickness to be polished. 

Hie second approach requires before bonding to deposit an additional insulating 
material layer Uks an oxide layer on the first smictuxe, Aiterward, polish this additional 
insulating layer to achieve enough surface ssnooihness, and then bond the polished 
iasidating layer to a second ^bstrate. 
IS Fig, 8 is a block diagi-am of a SicsGea^-on-insiilator sxibsixate with improved 

Si(i.gGe,;)2 layer imiformity. As showninFig, 8, acompositionally graded S!i.>:Gex buffer 84 
is grcnvn on a silicon substrate 82, where Ge composition x is .increasing gradaally from 
zero to about 20%. Then a Sii}.!jGeo,2 etch-stop layer 86 with selected thickness is deposited. 
The •Siff.gGeo.s etch-stop layer 56 will also contribute to the Si(je layer in tite fvnai Sif},sGetxr 

2 0 on-iasnlator substrate. The tfiickness of the Sio.8Ge{).a etch-stop layer S6 is tMck enough to 

sustain the selective etch proce-ss. This thickness is also cliosen delibeMely such that the 
resulting iiiiai Sio,8Geo.2-on-insnMor substrate h^ a desired Sio,8Geij,2 layer Ihickness. For 
example, for the purpose of fabricating high mobility straiiied-Si MOSFET on Sio.8Geo.2-Ott- 
insuiator substrate, a final Si{i.8G6o.2 layer 86 tisickness of 100 nm or less may be desired 

25 After the deposition of Sijj.gGeo,2 etch-stop layer S6, an additional insulating layer is 
d^osited, tor example an oxide layer 88. The oxide layer 88 is polished by C^fF to acMeve 
suiface snjoothnes& reqitiixd by ^yafcr 1 ending. By doiiig uus, tlii.' poiid ujg >'f ^i,AG;Oi,: 
ofch- top i.i>er s6 \- - ccC 'X--Kq\- 'h,- pourfiiue siep. the ^^Ui^Gc'i; t-K^-stop layer "<> 
cjp njiafoimts ;;-ood ur. icrA Kv A nc: ;liprr,xg over aiidbondfi'^ ^o a nec^md suhorrare, the 

30 In-i^t '^ub'^uate t> leir.ovcd Atle: a sclectnc etching pioccss \vith TMAH or K()R, whuh 
r'-^ino^ es rhe coinpoMtiouali} grudcd Si) .^Crex buffer and srt .p? ..it I'ue Sir i ( "jc j ; .^tLh-^iup iay^fi 
i''-), a ib al isi . sGej -ori-iusuhUor ^ubstralt; r^.suhs. Ih^ .-suuciure ha.? good SiG^ ia^er 
umformity. Polishhig may be used to smooth the SicgGeg.} surface aSer etcliing without 
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removing too much material. Then sfa-ained-Si is grown on the SGOI stoctuf e and straiued- 
Si MOSFET Taay be fabricated on tlie SGOI with Ge compositioa of 20%. 

Altliougli the presoit inveDtion beea shown aiid described with respect to 
several preferred mbodiments thereof^ various changes, omissions and additions to the 
5 fotm and detei! thereof may be made thereinj withoat departi»g from the spirit and 
scope of the invention. 

What is claimed is: 
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1 1 . A metliod of febricating a semicondtsctor stracture comprismg: 

2 pB3viding a tirst semiconductor substrate; 

3 depositing a compositioimlly graded Sif.xGex buffer on said fixst 

4 semiconductor substrate, where the Ge composition x is increashig fi-om about 

5 0% to a vai«6 larger ftaa about 20%, wherein a portion of said compositionally 

6 graded Sij-xGejc buffer witli Ge composition larger thau about 20% forms a 

7 natural SiGe etcb-^p layer; 

8 depositing one or more material layers selected firom tlie gitjyp consistiiig 

9 of, but not limited to, relaxed Sii-yGcy layer, strained Sii-xGeK layer, strained-Si, 

1 0 Ge, GaAs, XJI- V materials, and H-VI materials, wh&x^ G& compositions y and z 

11 are values beiween 0 and 1 . 

12 bonding said deposited layers to a second substrate; 

13 remowig said &st substrate to explore said etch-stop SiGe layer vMch 

14 including the portion of said compositionaHy graded Sii.xGex buffer where the Ge 

1 5 composition is larger than approximately 20% ; and 

1 S removing said remaining portion of said compositionally graded Sii.J3&^ 

1 7 buffer in order to release said one or more material layers. 

1 2. The metliod of claim 1 , wherein said second substrate has an insniating layer on 

2 th.e surface. 

1 3. Th^ method of claim 1 further comprising depositing an insniating layer before 

2 bonding, 

1 4. The method of claim 1 fnrther comprising polishing the surface of caie of said 

2 deposited layers. 

1 5. The method of claim 1 farther comprising polishing the surface of said .first 

2 substrate before bonding. 

1 6, Tlie method of claim 1 ixu'ther comprising depositing one or more second 



2 material kyers seiected from the group consistiug of, but not liinited to, relaxed Sii,yGej. 

3 layer, strained Sis -^Ge^ layer, stmined-Si, Ge, GaAs, III~V materials, and II- VI materials, 

4 where Ge compositions y and z are values betwe«ai 0 and 1 . 



7. The method of claim 6 finlhei- comprising polisMi% the surface of said released 
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2 of said one or more material lay^ before depositing said one or more second material 

3 hym. 

1 8. Hie method of claims 1 fui-ther comprising febricating a semiconductor dev'ice 

2 selected from the ^oup coasisting ofj but not Jimited to, FET de%ice, MOSFET device, 

3 MESFET device, solar cell device, aad optodectronio device. 

1 9, A method of febricating a semiconductor stKictiire comprisijag: 

2 providing a Smt setaiconduclor substi-ate; 

3 depositing a first compositionally graded Sij ,xGest buffer on smd first 

4 seinicoiiductor substrate, where the Ge composition x is increasing from about 

5 zero to a value less than about 20%; 

6 depositing a uniform etch-stop Sii.yGey layer of with selo^ed thickness on 

7 said compositionally graded Si i-stGex buffo- where the Ge composition y is larger 

8 than about 20%; and 

9 depositiBg a second compositionally graded Sii.2Ge;s buffer on said 

1 0 uiiifbmi etch-stop Si i-yGey laj-er, where the Ge composition x is decreasing Jrom 

11 about 20% to less thm 20%. 

1 10. The method of claim 9 fmlb^ comprising polishing the surface of one of said 

2 d£|)osited laysa-s. 

1 11. A method of fabricating a semiconductor structure comprising: 

2 providing a first s^ioonductor substrate; 

3 depodting a Srst compositionally graded Si}.xGe^ buffer on said first 

4 semiconductor substnite, where the Ge composition x is increasing from about 

5 zero to a value less thaii about 20%; 

6 depositing a unifoim etch-stop Sii.yGey layer of with a selected thickness 
? on said compositionaily graded SiissG^ buffer where the Ge composition y is 

8 larger than about 20%; 

9 depositing a second compositionally graded Sii^Gcx biif&r on said 

1 0 uniform etch-stop Sit.yGey layer, whsm tlie Ge composition z is decreasing from 

1 X about 20% to a value less than 20%; 

12 depositing one or more material layers selected from the group consisting 
i 3 of, but not limited to, relaxed Sli-yCSey layer, strained Si j.gGe^ layer, where Ge 

1 4 compositions y and z are values between 0 and 1 . 
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bonding said c^posited layers to a second substrate; 

removiag said iirst substrate to rele^e said wiifonii etch-stop Sii.yGcy layer ; 

removing said anifbtm etch-stop Sij.yGey layer; and 

remo-ving said second compositionally ^aded Sii.xG«s btifFer, 



1 1 2. The method of claim 1. 1 , wbcreijx said second substrate has an i ns olaiing layer on 

2 the surface. 

1 13 , The method of claim 11 ftirftier comprisiag dqpositiiig aii iBsuiatiiig layer betbre 

2 bonding. 

1 14. The method of claim 1 1 fiMher coroprising polishing tlie surface of one of said 

2 dei>osited layeis. 

1 15. The method of claim 1 1 furUier comprising polisMng the surface of said first 

2 siibstrate betbm bonding. 

1 16. The method of ciaita 1 1 turther coinprisittg depositing one or more second 

2 material layers selected from the group coasistiag of, but not limited to, relaxed Sij-yGey 

3 layer, strained Sii-aGe^ kyex', strainetl-Si, Ge, GaAs, IH-V materials, and H-VI materials, 

4 where Ge compositions y md z are values between 0 and 1, 

1 17. The metltod of claini 16 fmthsa- comprising polishing the surface of said released 

2 of said one or more materia! layei« before depositmg said one or more second material 

3 layers. 

1 18. The method of claims 1 1 further comprising fabricating a semiconductor de%'ice 

2 selected j&om the group consisthig of, but not limited to, KET device, MOSFET device, 

3 ^fESFET device, solar cell device, md optoelectronic device. 

1 19. A semiconductor etch-stop layer structure that includes a monocrj^iailiae 

2 semicoaductor substrate, said semiconductor etch-stop layer struclnrs comprises: 

3 a first compositionally gi'aded Sij-xGcx buffer where the Ge composition x 

4 is increasing firom abotit zero to a value less thai about 20%; 

5 a uniform etch-stop Sii-yGe^ layer of with a selected thiclaiess where the 

6 Ge composition y larger timx about 20%; and 

7 a second compositionally graded Sij^Ge^ buffer wheare the Ge 
S composition x is decreasing from about to a value less than. 20%. 
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1 20. A method of falsricating a scanicond«ctor stractee comprising: 

2 providiag a first semicoMuctor substrate; 

3 depositing a i5rst compositionally graded Sij.xGex buffer on said first 

4 gesmcondttctor substrate, wbere the Ge cornposition x is iucreasiiig from about 

5 zero to a value less thaa about 20%; 

6 depositing a &st etch-stop Sli-yG% layer of on said fet coispositiouaJly 

7 graded Si;.xGe,< bailer wliere the Ge coraposition y is larger thai 20% so that fee 

8 layer is eiTective etch-stop; aiid 

9 depositJBg a second etcb-stop layer of strained Si. 

1 21. Tlie method of claim 20 fuftber comprising depositing one or more material 

2 layers before depositing said second etch-stop layer, said one or more material layers are 



3 selected from a group consisting of, but not limited to, a compositionally graded Sii-sGe?. 

4 buffer wbere the Ge composition z is iiicreasiag jfrom about 20% to a value much higher 

5 tbait 20%, a second compositioualiy graded Sii-xG©;. buffer where the Ge composition z 
5 is decreasing from about 20% to a smaller vaiue, a relaxed Sii-aGex layer, a stiained Sif . 
? xGex layer, where Ge composition x is a value between 0 and 1 , a GaAs layer, a III-V 

8 material layer, and a Jl-Yl material layer. 



1 22. Tiie method of claim 20 fiirtiier comprising polishing Hiq surface of one of said 

2 deposited layers. 

1 23. A semiconductor etch-stop layer structure comprises: 

2 a mottocr}'stalU.ue semiconductor substrate; 

3 a compositioualiy giaded Sii.xGcx buffer, where the Ge composition x is 

4 increa'5ing from about z&o to a value less than about 20%; 

5 a first etch-stop Sii.yGey layer where the Ge composition y is larger than 

6 about 20%; and 

7 a second etch-stop layer of strained Si, 

1 
2 

3 24, The structure of claim 23 fiuthsr comprising, betweert said first and second etch- 



4 stop layers, one or mors matmal layeis selected from tlie groiip consisting of, but not 

5 limited to, a compositionaliy graded Sii-zGeg; buffer where the Ge composition z is 

6 incre^ing from about 20% to a value much higher tiiian 20%, a second compositioualiy 
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7 smaller value, a relaxed Sis-yGej, layer, a straiaed Sis-zGe,. layer, where Ge composition y 

8 is a value between 0 and I , a GaAs layer, a lE-V material layer, and a H-VI material 

$ layer. 



1 25 . A method of fabricating a semicoiidaetor structure comprising: 

2 pj-ovidiag a irst semicondiictor s«bsti-atej 

3 depositing a firet coaaipositionally ^aded SiuxO^ buffer on said first 

4 semiconductor substrate, where the Ge composition x is increasing fi'ojn about 

5 zero tx> a value less i&ati about 20%; 

6 depositing a first etch-stop Sii-yGey layer on said first composittonally 

7 graded Si > -sGev. buffer whers the Ge composition y is larger than about 20% so 

8 that the iayer is an effective etch-stop; 

9 depositiiig a second etch-stop iayer of strained Si; 

1 0 bonding said di^osiled kyers Co a second sabstrate; 

1 1 removing said first substrate to release said first etch-stop Si ; ..yGey layer ; 

1 2 removing said reanaining stmctaie to release said second etch-stop iayer; and 

1 3 processing said released second etcli-stop layer. 

1 26. The method of claim 25 tlu ther comprising depositing one or more material 



2 layers betbre depositing said second etch-stop layer, md said one or more materi.al layers 

3 are material layers selected from the group consisting of., but not limited to, a 

4 compositionally graded Sii-sGea buffer where the Ge compositiou z is increasing from 

5 about 20% to a value much M^er than 20%, a second compositionally graded SiLkGefe 

6 buffer where the Ge composition k is decreasing from about 20% to a smaller value, a 

7 relaxed Sii-ssGeg layer, a strained Sii^oGee layer, whers Ge composition o is a value 

8 between 0 and I, a GaAs layer, a HI-V material layer, and a II- VI material layer. 

1 27 . The method of claim 25 furtlier comprising, before bonding, depositing one or 

2 more matedal iayers selected firom the group consisting of, but not limited to, a relaxed 

3 Sii,J3&z layer, a strained Sii-^Gex iayer, where Ge composition z is a value between 0 and 

4 1, a GaAs layer, a III-V material layer, and a II-VI material iayer, 

1 28. The process of claim 23, wherein said second substrate has an insulating layer on 

2 the surface. 

1 29, The niediod of claim 25 fmtim- comprising depositiiig tin insuiafcg layej- before 

2 bonding. 



wo 02/082514 PCm5S<J2/K>317 
18 

1 30, The metttod of daim 25 fiiither comprising polisMtig iJie swfece of one of said 

2 deposited layers. 

1 31. The method of claim 25 fitrtfeer comprisiag poKshing title surface of said &st 

2 substrate before bondmg. 

1 32. The process of claim 25 Airfher comprising depositing one or more second 

2 material layers selected from fee gtmip comisting of, but not limited to, relaxed Sij-yGey 

3 layefj strained Sii^^Ge^ layer, s&ained-Si, Ge, GaAs, HI-V niateiials, aiid H-VI materials, 

4 where Ge compDsitiQns y and z aim values between 0 and 1 , 

1 33. The process of claim 32 further comprising polishing the surface of said one or 

2 more layer before depositing said one or more second mateiiai layers 

1 34. The process of claims 25 forther comprising fabricating a semiconductor device 

2 selected from the group consisting of, but not limited to, FET device, MOSFET device, 

3 MESFET device, soiar ceil device, and optoelectronic de\'ice. 

1 35. A semiconductor structure having a layer in which semicondtictor devices are to 

2 be formedi> said semioondoctor stractme comprises: 

3 a substrate; 

4 an insulating layer; 

5 a relaxed SiGe layer where the Ge composition is larger than approximately 1 5%; 

6 and 

7 a device layer selected from a grotip coBsisting of, but not limited to,. strained-Si, 

8 relaxed Sij.yGey layer, sttained Si!.«Gej; layer, Ge, GaAs, M~V materials, and H- 

9 Vi materials, where Ge compositions y aiid z src values betxveen 0 and 1 . 

1 36, The stnictme of ciaim 35, wherein said substrate is a Si substrate. 



1 3 7. Hie stmctiire of claitn 35, wha-ein said iasuktiiig layer is an oxide. 
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